RADCOM 
TECHNICAL 
FEATURE 


HEREIS LITTLE doubt that the most 
flexible piece of test equipment avail 
able to any radio amateur is the 
Cathode-Ray Oscilloscope (CRO). 
What follows comprises a simple alternative, 
using a light-emitting diode (LED) display. Itis 
by no means a replacement for the CRO, but it 
forms a very useful instrument which is not 
difficultto build, and whichis a digital/analogue 
hybrid, giving those who lack practice in 
circuit-building a project which combines digital 
and analogue techniques. 


THE PRINCIPLE 


THE CATHODE-RAY TUBE (CRT), at the 
heart of any oscilloscope or TV set, produces a 
display by scanning a spot of light from left to 
right across the screen; this is usually done so 
quickly thatthe eye cannot see the movement. In 
an oscilloscope, the signal being displayed is 
used to deflect the spot of light in a vertical 
direction, producing what is known as the wave- 
form; inaTV set, the picture is builtup by altering 
the intensity of the spot as it is scanned from the 
top left to the bottom right of the screen ina series 
of 575 parallel lines. 

The technique to beused here is the simulation 
of the scanning of the spot in the CRT by 
repeatedly scanning along a horizontal row of 
LEDs, activating one LED atatime, from left to 
right. The signal to be viewed is fed to all LEDs, 
but the instantaneous value of the signal can be 
displayed by one LED only at any instant. This 
is anexact analogy of what happens inthe CRT, 
except that the value of the signal in the LED 
system is indicated not by the deflection of a spot 
but by the brightness of the activated LED. 
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The prototype layout, where all controls are mounted on the board itself. You may wish to put the circuit 
board into a box, in which case leads must be brought from the board at the positions shown in Fig 5. 


A block diagram of the basic LEDScope system 
is shown in Fig 1. At its heart is a linear array of 
30LEDs. Itis best for these LEDs tobe in the form 
of bargraph modules which can be conveniently 
stacked to give a display of any desired length; the 
‘spot’ is scanned across the line of LEDs by a 
series of shift registers. These shift registers 
activate only one LED in the whole array at any one 
time, but the lit LED appears to move from one 
LED to the next, from the left end to the right end, 
before reappearing at the left end and repeating the 
process. Inthe absence of any signal, therefore, the 

spot of light simply scans from 
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left to right along the array; the 
speed at which this happens can 
be changed by changing the 
frequency of the clock signal. 
This is simply a rectangular 
pulse and, forevery pulse from 
theclock, the light appears from 
the next LED to the right of the 
previously-lit LED. This proc- 
ess is equivalent to that of the 
timebase in a CRO. The only 
other part of the system is that 
which determines the size of the 
signal applied to each LED in 
order to change its brightness. 
What the signal circuitry must 
do is provide to the LEDs a 
signal having the correct maxi- 


Fig 1: The system block diagram. 
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mum and minimum values to illuminate the 
LEDs correctly. Variable gain will be required to 
do this, because it cannot be guaranteed that all 
signals to be investigated will have the same 
amplitudes! Notice how the signal is applied to 
all the LEDs in parallel; this is quite a simple thing 
to do, and is possible because the only LED that 
will light as a result of the applied signal is that 
one which has been activated at that instant by the 
shift register. 

The whole circuit will be a low-voltage sys- 
tem, working on 13.8 volts DC, so it would be 
inappropriate to imagine that it would be suitable 
for monitoring high-voltage signals. Because of 
its display characteristics, itis suitable only from 
audio frequencies up to about 100kHz. 


THE DESIGN 

THIS FALLS INTO three parts: the clock gen- 
erator, which produces the incremental move- 
ment of the ‘spot’ along the LEDs; the shift 
registers which, together with the LED array, 
produce the scanning spot; and the audio ampli- 
fier and brightness control, which optimise the 
incoming signals for display on the LED array. 
The circuit is designed to run from any 12VDC 
(or the more ‘normal’ 13.8VDC) supply, since 
its operating current is quite low at 60mA. 


THE CLOCK GENERATOR 

The clock generator is the means by which the 
‘spot’ appears to travel along the row of LEDs. 
In the LEDScope, there are 30 LEDs in the row 
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(left) Fig 2: The clock 
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generator circuit 
based on 555 chip. 
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(right) Fig 4: 
The audio am- 
plifier used to 
amplify the signal 
so that it can 
operate the LEDs. 


Fig 3 (below): The 
shift register and 
display circuit. 
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and, for the spot to travel from one end to the 
other, 30 rising edges arerequired from the clock 
generator. It should be noted that itis not prima- 
rily the presence of a logic 1 that causes the 
shifting operation, but the transition from logic 
0 to logic 1. This shift register (in this case an 
HCF4015BE CMOS chip) is known as a 
rising-edge-triggered device. Although the clock 
produces a series of rectangular pulses, it must 
beremembered that itis on each rising edge that 
the whole system springs to life. 

Incontrast to the timebase ina CRO, the clock 
does not run at the same speed as the sweep of 
the spot across the display, because of the dis- 
crete nature of the LED array. The 30 LEDs in the 
array determine that the clock mustrun 30 times 
faster than the sweep. In some ways, this may 
appear to be a limitation, but this has not proved 
to be the case in practice. 

Theemphasis throughout this design has been 
on simplicity and, insome cases, design elegance 
has been sacrificed for this aim without necessar- 
ily compromising the usefulness of the equip- 
ment. It is worth noting that, as a direct conse- 
quence of using the shiftregister as the ‘timebase’ 
for this design, the sweep is absolutely linear. 

Because of the limitations of the display, itis 
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unlikely that waveforms much above 15kHz will 
need to be displayed. This means that, if one cycle 
of the wave is to be displayed on the LED array, 
the clock must run at 15,000 x 30 = 450,000Hz 
or 0.45MHz. This has been achieved with the 
simple clock circuit shown in Fig 2. The 1OORF 
electrolytic capacitor (C5) shown between the 
power supply pins of the 555 is optional; all data 
sheets advise that this should be present and 
connected as close to the pins as possible. In this 
application, no change has been noticed if it is 
omitted. Ifirregularity in the output of the 555 is 
observed, this capacitor should be inserted. 


THE SHIFT REGISTERS 

The circuit for the four shift registers and their 
associated three LED arrays is shown in Fig 3. 
Each shift register has eight stages, so four 
registers are needed, with two stages unused, to 
drive the 30-element LED array. All thatneed be 
said here is that its purpose is threefold: to reset 
theregisters when the LEDScopeis switched on; 
to flush the array of all zeroes except one; to scan 
the ‘spot’ sequentially along the array from left 
toright ata constant speed. Ithas two inputs, one 
(B) from the clock to provide the signal to 
increment the position of the active LED, the 
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other (A) being from the audio amplifier, which 
determines that the brightness of the active LED 
shouldbe proportional to the signal voltage at that 
instant. 


THE AUDIO AMPLIFIER AND 
BRIGHTNESS CONTROL 


The circuit for amplifying the incoming audio 
signal and for controlling the overall brightness 
of the LED array is shown in Fig 4. 


CONSTRUCTION 


FOLLOW THE INSTRUCTIONS below in 
order to assemble and test the LEDScope in a 
structured way, thus ensuring the fewest errors 
in wiring. The layout of the prototype on pin- 
board is shown in Fig 5, and can be compared 
with the photo. Jn all the tests all points X, Y, Z, 
etc refer to the matrix-board layout of Fig 5. 


THE CLOCK 

Wire up the clock circuit as shown, leaving gaps 
for the connection of the variable sweep speed 
potentiometer (VR 1) andthe sweeprange switch 
(SW 1). Donotinsert the 555 chip into its socket 
until you are ready to perform the first test. 
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Fig 5: The layout of the complete LEDscope ona 16cm x 10cm pinboard. Note R6is mounted underneath the board. 
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SPECIFICATION 


Note: All values measured on the prototype. 
Power requirements: 
10-16 VDC, 60mA at 13.8V 
Display frequency ranges: 
Range | 2.0Hz-24Hz 
Range | 20Hz -240Hz 
Range3 190Hz-2100Hz 
Range4 1700Hz- 13000Hz 
Signalinput: 
Usable input range for full intensity modulation: 
15mV RMS minimum -3.28V RMS maximum 
Signal amplification: 
1.0 minimum, 218 maximum 
Useful range of frequency measurement: 
10Hzminimum, 100kHzmaximum 


Intermediate Test 1 
Connect the 100kW potentiometer to the points 
Y and Z, and then temporarily connect a2.5uF 
capacitor between point W and ground. The 
effect of putting in the large capacitor is tomake 
the clock run very slowly (several seconds per 
cycle). Connect an 820Q resistor from test point 
X, the output of the clock, to the anode of a 
discrete LED, withits cathode grounded. Insert 
the 555 chip and connect a battery or power 
supply (maximum 16V DC) tothe circuit, ensur- 
ing that the polarity is correct. Switch on. The 
LED should flash very slowly, and its speed 
should be controllable by adjusting the 
potentiometer, RV1, connected between Y and 
Z. Tf the circuit does not work, switch off and 
check the wiring carefully. 

The extra capacitor connected between point 
W and earth should be left alone at this point, as 
should the LED and resistor (unless they prevent 
the circuit board from being laid down flat); they 
will be needed later on to check the operation of 
the shift registers. 


SHIFT REGISTERS AND LED ARRAY 


Wiring up the shiftregisters is the mostcomplex 
part of the construction, and should be done with 
the aid of the layout diagram and the photograph. 

If the display is mounted separately from the 
board, it is recommended that coloured ribbon 
cable is used, thus minimising the potential for 
error. As each LED array is driven by more than 
one shift register chip, the wiring process is not 
a repetition of the same connections. The only 
thing that is common is the order in which the 
shiftregister pins are connected to adjacent LEDs 
inthe array. Working from left to right along the 
LED array (as viewed from above), the order of 
the pins on each shift register is 13, 12, 11, 2,5, 
4,3, 10. These connections are not shown on the 
layout diagram, as the constructor will no doubt 
want the LED array separate from the circuit 
board. In Fig 5, itis assumed that there are wires 
present which connect pin a on the array to pin 
a on the shift register, pin b to pin b, and so on. 


Intermediate Test 2 


Connect a wire between points Y and Z. Do not 
insert the CMOS chips yet. Switch on. AS you 
havenotchanged the clock circuit at al 1,it should 
still work, and the LED should flash slowly. If 
not, switch off and look for dry joints where 
wires and components may have parted com- 
pany as the board has been manipulated during 
the wiring of the shift registers. 
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When the clockisrunning, take a voltmeteron 
a range suitable for measuring up to 16V, and 
apply the probes directly to the supply pins of 
eachCMOS socket. Looking at the upper face of 
the board, these are always the top left (positive) 
and the bottom right (negative) pins. Do not put 
the negative probe on the ground rail, because 
you will not detect discontinuities in the connec- 
tions to the bottom right pins. Similarly, do not 
put the positive probe on the positive supply rail, 
or discontinuities in the wiring to the top right 
pins will go undiscovered. 

While the equipment is switched off, remove 
the positive lead of the LED from test point X and, 
if necessary, attach to the LED anode a piece of 
wire long enough to reach all the shift register 
holders. Switch on again. Touch the wire briefly 
on test point X again, to ensure that the clock is 
still running. Then, go to each shift register 
socket and touch the wire sequentially onto pins 
1 and 9. The LED should flash on each of the 8 
pins tested. Switch off. 

Using the meter on its Ohms range (or as a 
continuity tester) check that a connection (OQ) 
exists between test point V (the junction of C6 
and R3) and pins 6 and 14 of each 4015 socket; 
this confirms that the reset circuitry is properly 
connected. 

Without having inserted any of the CMOS 
chips, the supply voltage, the signal, the clock 
and the reset connections have beenchecked and 
verified as correct. 

From the common anode connection of the 
LED array, temporarily connect a single 820Q 
resistor to the positive supply rail, and insert the 
arrays into their sockets. Itis now time to fit the 
CMOS chips into their sockets. 

Reconnect the LED and its series resistor to 
test point X. Make sure the circuit board is not 
resting on anything metallic, and switch on. The 
single LED should flash as usual; all 30 LEDs in 
the LED array should come on, with various 
intensities, as the registers are reset; then ‘from 
the left-hand end, the LEDs should go out 
sequentially each time the clock LED flashes; 
when the last LED extinguishes, the extreme left 
LED should light, and this should scan across the 
array in are-circulatory fashion. The only fault 
which is possible at this stage is that the LEDs 
may come on in the wrong order; there is no 
alternative but to check the wiring of those LEDs 
which are at fault, after switching off. 

Disconnect all temporary components which 
may impede further construction. 


THE AUDIO AMPLIFIER AND 
BRIGHTNESS CONTROL 


This is a simple analogue circuit, and a typical 
layout is shown in Fig 5. No special construc- 
tional points here, except to notice that the ampli- 
fier derives its own balanced power supply by the 
resistor chain R8 and R9, decoupled by C9 and 
C10. Although IC7, a FET-input operational 
amplifier (CA3140E), is pin-compatible with the 
ubiquitous LM741, the use of an LM741 is not 
recommended because of its poor slew rate of 
0.5Vms"!, compared with the 9Vms" of the 
CA3140E. Make sure that pin 7 of the 8-pin 
socket is connected to the positive supply rail, 
and that pin 4 goes to the negative supply rail 
(ground). The input load resistor 
(R4) and the gain-limiting resistor (R5) are the 
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COMPONENTS 


Resistors 
Allresistors 0.25W 5% (metal film or similar) 
RI 270R 


R2 10k 

R3 270k 

R4 1M 

RS 47R 

R6 3K3 

R7 330R 

R8, R9 1K5 

RVI 100k lin 

RV2 10klin 

RV3 47k lin 

Capacitors 

Cl 100n, polyester layer, 5%, 250VDC 

C2 10n, polystyrene, 1%,63VDC 

C3 In, polystyrene, 1%, 125VDC 

C4 100p, polystyrene, S0OOVDC 

C5 100m, 35VDC 

C6 2m5,64VDC 

C7 100n, metallised polyester film, 
250VDC 

C8,C9,C10 = 10m,25VDC 

Semiconductors 

Icl NES55N Timer 

IC2-IC5 HCF4015BE 2x 4bitshiftregister 

IC6 HCF4011BE Quad2-inputNAND gate 

IC7 CA3140E FET-opamp 

TRI BC109C npn audiotransistor 


LEDarrays 

3x 10-segment bar graph array (Maplin code CZ47B, 
RS code 588-027) 

(The anodes of these arrays are identified as lying along 
the same edge that carries the manufacturer’ s stamp. 
There is alsoa very small chamfer on the corner of the 
same long edge.) 


Other Items 

Dual-in-line integrated circuit sockets 
2x 8-pin for ICI, IC7 

3x 20-pin for LED arrays 

4x 16-pin for IC2 -IC5 

Switch S11 pole4-way rotary 


Circuit board and pins 

1 x plain matrix board 160mm x 100mm (Maplin 
code JP53H) 

Pins as required (Maplin code FL23A) 

4knobs, as required 


only components to be connected to the artificial 

ground (the junction of R8 and R9). If TR 1 is 
being wired as shown in the layout diagram of 
Fig 5, ensure that the base leg of the BC 109C is 
gently bentbetween the emitter and collectorlegs 
before being soldered to the board. 


Intermediate Test 3 


Connect up therest of the circuit almost as before 
—points Y and Z shorted together, but with point 
W connected to the top of C1, the 100nF capaci- 
tor. Do not insert the CA3140E yet. Set the 
brightness control, VR3, to abouthalf-way around 
its travel. Switch on. After the short initialisation 
period, the scan across the LEDs will now be 
much faster than before, being visible asa flicker 
rather than as a directional scan. If all is not well, 
observe the fault and search forit after switching 
off. Check that the brightness of the display 
varies with the setting of RV3. Witha voltmeter, 
check between pins 4 and 7 of the socket of IC7 
that the full DC supply voltage is present. Then, 
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Diode power (mW) 
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Current through diode (mA) 
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Fig 6: The current/voltage characteristic of a single light emitting diode froma 


bargraph array. 


check between ground and the junction of R8 and 
R9; approximately half the supply voltage should 
appear at this point. 


FINAL TEST 

When the system is working, switch it off and 
insert the CA3 140E carefully. It must be treated 
with the same care as the CMOS logic devices! 
If you have asignal generator, connect it to points 
Rand S and set it for about 1 V RMS sine-wave 
output at about 500Hz. If you don’ thavea signal 
generator use the output from an SSB or CW 
receiver tuned to a carrier to produce an audio 
tone. 

Set the range switch to position 3, the sweep 
speed to minimum, and set the gain control, RV2, 
to about half-way round its travel. Switch on. 
Advance the sweep speed control (RV 1) slowly. 
Initially, the display does not appear to change; 
it then begins to flicker, and then resolves itself 
into amoving pattern of two bright bands across 
the array. Further rotation of the control produces 
a single bright band. 


The LEDScope is operational! When there is 
only asingle band, the sweep frequency and the 
incoming signal frequency are the same. When 
there are several bands, the signal frequency, f, 
is given by: 
f=Nxs 
N is the number of bands, and 
s is the sweep frequency in Hz. 


where 


PROTOTYPE PERFORMANCE 


THIS DEVICE performs as it was designed. 
Despite the simplicity of the display, it is easy 
(with practice) to detect the differences between 
sine, square and triangular displays, although 
clipping is more difficult to pinpoint. It can be 
used to measure the frequencies of beats and of 
audio-frequency oscillators and has even been 
used as the display for an SSB two-tone test. 
Calibration is best performed with an accurate 
signal generator while watching the patterns 
produced on the display. The values of RV1 and 
R2 have been chosen to give approximate decade 

ranges with a degree of 


overlap between them. This 
can be seen in the Specifi- 
cation. Range 4isnotafull 
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Fig 7: The variation of diode 


current with drive voltage 
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using a820Q series resistor. 
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Fig 8: The variation of diode power with drive voltage using a820Q series resistor. 


ANOTE ABOUT LEDS 


THE VARIATION of current flowing through 
an LED as a function of the forward voltage 
across it is shown in Fig 6. This is a real 
characteristic, having been measured ona single 
LED from the arrays used in the LEDScope. 
Notice that no current flows through the LED 
until the voltage across it is about 1.5V. After 
that, it rises very steeply with little increase in 
voltage. This contrasts with the behaviour of 
normal silicon diodes, which begin to pass cur- 
rent at between 0.6V and 0.7V. 

As soon as current begins to flow through the 
LED it begins to glow, and increases in bright- 
ness as the current increases. This behaviour 
would indicate that to intensity-modulate an 
LED, only a few millivolts would be needed to 
take the brightness from zero to maximum. This 
is true, but LEDs are never operated without a 
series resistor to control the current. Fig 7 shows 
how the current varies through the LED when an 
820W resistor is placed in series with it and the 
supply (or drive) voltage varied. What was a 
highly non-linear curve becomes almosta straight 
line, beginning at about 1.7V. This now means 
that any voltage between 1.7V and 14V controls 
the current through the diode in a linear fashion. 
This is animprovement on the situation without 
any series resistor and is shown in Fig 8. So, 
provided that the signal drive voltage supplied to 
the LED array is above about 1.7V, the light 
output will be directly proportional to the signal 
voltage. The audio amplifier of Fig 4 ensures that 
the voltage swing of the signal is large enough, 
and the brightness control provides the small 
offset that is necessary to overcome the 1.7V 
threshold. 


(Photo Acoustics Ltd) 
PHOTO ACOUSTICS LTD 
Require an experienced Salesperson. The successful applicant 
must preferably be licensed and be able to show their ability at 
selling and demonstrating our full range of Amateur Radio and 


Shortwave products. A working knowledge of PMR and SRBR 
products would be an advantage, but is not necessary. 


The succesful applicant also must be self motivated and 
energetic and be able to work without supervision. 


For further details, please contact Mr Kerry Cahill on: 
(01908) 610625 
9:30am - 5.30pm Mon, Tue, Wed , Fri & 9.30am - 4.30pm Sat 
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The Martock — Direct conversion RX for any one band 20 to 160m, includes 
CW filter - £36. Matching Lopen 1.5 W CW TX - £29 or together £62. 
The Coxley — Regenerative TRF RX for 20, 40 and 80m. Copies AM, CW & 


SSB - just £29! Matching Godney 1.5W CW is £29 or £55 together 
Both kits include all hardware and work with Walkman type phones. 


Walford Electronics send ssar for details to:- 


Upton Bridge Farm, Long Sutton, Somerset TA10 9NJ. Tel: 01458 241224 


CqQ...CQ! Call in on the 


"GOOD NEWS" 28% 


CHRISTIAN NETS fellowship over the air 
; A WAC hr telephone 01803 854504 or write to our Membership Secretary 


51 Alma Road, Brixham, South Devon, TQ5 8QR 


Every Sunday at 8am and 
2pm on 3747kHz, or 
144,205 MHz at 3pm 


See Internet Web Page HTTP://www.GOPPQ.demon.co.uk 
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